Abstract This paper provides an analysis of the relationship between research performance and individual characteristics (e.g., career path information) of researchers, based on information provided in the curriculum vitaes of 565 excellent researchers within the life sciences and medical sciences fields in Japan. I specifically analyzed the relationship between the experiences of practical physicians and research performance. As a result, I found that the experience as a practical physician had a statistically positive relationship with the number of research papers, but there was not a significant relationship with the number of citations. Moreover, the diversity of a researcher's career related significantly to the number of citations and patents. An employment experience at a young age with a company or independent administrative agency had a significant and positive relationship with number of coauthors. However, a significant relationship between work experience in a foreign country and research performance was not observed.
Introduction
A researcher's characteristics, such as the affiliated research organization, international work experience, college degrees, and funding from research grants, differ considerably from one researcher to the next. Therefore, it is important to clarify the relationship between a researcher's individual characteristics, including career path and research performance, quantitatively.
N. Fukuzawa (&) National Institute of Science and Technology Policy, Ministry of Education, Culture, Sports, Science and Technology, NISTEP Satellite-Office GRIPS 7-22-1 Roppongi, This paper offers an empirical analysis regarding the factors that contribute to research productivity (e.g., number of papers, citations, patents, and coauthors) in the life sciences and medical sciences fields in Japan. I analyzed the relationship between the experiences of practical physicians and research performance, that had not been examined previously. In addition, I have provided an explanation of the relationships between research performance and career path (e.g., employment experience in an administrative agency, independent agency, company, or university).
Previous studies have analyzed the relationships between career path and research productivity; for example, Dietz et al. (2000) assessed the utility of the curriculum vitae (CV) as a data source for examining the career paths of scientists and engineers. As a result of an ordinary least squares (OLS) regression using CV data of 190 researchers in biotechnology and microelectronics areas, three independent variables-number of publications during Ph.D. studies, time in assistant professorship rank, and patents-related significantly and positively to the number of publications per year after receipt of the doctoral degree. Dietz and Bozeman (2005) showed that career patterns and some degree of career diversity (independent variables) are associated with both publication and patent productivity (dependent variables); their findings were based on CV data of scientists and engineers working at university-based research centers in the United States. Jonkers and Tijssen (2008) debated the relationship between scientific mobility and international collaboration using 76 plant molecular life scientists at the senior level of professor/principal investigator in China's research organizations. As a result of their analysis, they showed that overseas experience and time since returning to China had significantly positive correlations with the number of publications and international co-publications. Time spent abroad also correlated with international co-publications. Cañibano et al. (2008) showed that international mobility in the post-or pre-doctoral stage had no statistically positive association to publication productivity, based on CVs of 266 researchers in Spain. Moreover, as a result of categorizing researchers into four groups (i.e., mobile, immobile, excellent, and entrepreneurial) based on data from CVs of 326 researchers who were grant holders at a Swedish research foundation, Sandström (2009) showed that immobile scientists are less productive and less entrepreneurial, while entrepreneurial researchers dedicated to patenting and groundbreaking activity have changed their affiliations many times in their careers. Su (2011) showed that post-doctoral training resulted in an increase of 17 % for published articles within 3 years of earning doctorate degrees, although this positive effect appears to have faded quickly. Furthermore, findings showed that industry experience within 3 years after earning a doctoral degree resulted in a 28 % decrease in publications, based on the CVs of tenured scientists and engineers working at research universities. The CV appears to be useful when investigating a researcher's career, as noted in many previous studies (Gaughan and Bozeman 2002; Gaughan and Ponomariov 2008; Gaughan 2009; Jonkers 2011; Cañibano et al. 2011) .
Moreover, a trend within the medical sciences and clinical sciences fields has been observed in recent years in Japan; Kanda and Kuwahara (2011) showed that the largest ratio of research time (53.3 %) was devoted to basic medicine; further, clinical fields 1 researchers were identified as having the smallest ratio (22.0 %), based on four activities (research activity, 2 education, social service, 3 and others) in the faculty teacher in 2008. In addition, a decrease in time devoted to research was noted when compared with 2002 findings, and this decrease was especially large in national and public universities and local national universities. On the other hand, the ratio of time devoted to social services, including diagnosis and treatment activity, increased. The authors pointed out, ''National universities turn into independent administrative entities, and having changed the organization and management greatly cause the phenomenon of increasing the social service activity ratio, like the diagnosis and treatment in the university attachment hospital in the clinical sciences fields.'' 4 . Toyoda (2012) showed that the number of papers in clinical medicine fields has displayed a slight uptrend at reputable national universities and private universities, but a stagnation tendency was observed for public universities; furthermore, a decreasing tendency has been noted for local universities in Japan since 2000.
Therefore, it is suggested that the ratio of time devoted to research decreases in the clinical medicine fields, and time devoted to diagnosis and treatment activity becomes greater as social services increase. Additionally, the number of published papers from reputable national universities and private universities has experienced a slight uptrend.
Furthermore, this study includes an analysis of the relationship between the experiences of the practical physician and research productivity. In other words, it verifies whether the experience as a practical physician has a negative relationship to research activities by decreasing research time, or if it has positive relationship based on the acquisition of knowledge for diagnosis and treatment activities. In addition, the relationship between a researcher's career path and research productivity is verified. Until now, there has been no study with an empirical analysis about the relationship among the researcher's features, career path, and productivity through econometrics for researchers in Japan.
This paper is organized as follows. ''Hypotheses'' section describes the hypothesis. ''Data'' section provides details regarding data. ''Methods of analysis'' section explains the method of analysis. ''Estimated results'' section describes the estimation results, and ''Conclusion'' section presents discussions and conclusions.
Hypotheses
This section provides a description of the hypotheses pertaining to the relationship between features of the researcher and research productivity. First, I have examined the relationship between a researcher's experience as a practical physician and research productivity has not been analyzed. There are two hypotheses in this respect:
(1) Experience as a practical physician
• Except the residency period, experience as a practical physician has a negative relationship with research performance as it decreases the time devoted to research.
• The experience and knowledge obtained by the practical physician are positively associated with research productivity.
Next, this study analyzes the three hypotheses concerning career and research productivity largely based on research by Dietz and Bozeman (2005) who have analyzed the relationship between career patterns and number of papers and patents:
(2) Job changes Job changes throughout one's career provide access to new social networks, resulting in higher productivity (Dietz and Bozeman, 2005) . They divided the organization into three sectors: academic, industry, and government. I have used variables of employment experience in career divisions of three types of agencies (an administrative agency, a company, and an independent administrative agency) and employment experience in a foreign country. 5 In this study, academic is assumed a typical career, an administrative agency corresponds to ''government,'' and a company represents ''industry.'' An independent administrative agency is not under an administrative agency, but is created on the basis of the concept of separation of governmental ministries and agencies into planning functions and operations. Therefore, it is different from an administrative agency. I have also used diversity of career as a variable. The variable of first employment experience in these divisions clarifies the relationship between productivity and research experience at a young age. Dietz and Bozeman (2005) used the Tobit model to show that patent rates were associated with careers in industry. Additionally, Jonkers and Tijssen (2008) observed, ''Foreign experience is expected to have an effect on the researcher's English proficiency, which influences his [or her] ability to publish in English language international journals.'' (3) Traditional career path Homogeny hypothesis: Traditional career path, defined as spending one's entire postPh.D. career at a university, will yield higher productivity (Dietz and Bozeman, 2005) . They indexed as intersectoral job changes the extent to which a career pattern conforms to the ''typical.'' They note that more traditional academic career paths results in higher number of publications. I used the variables of pursuing a career at the same university from which one graduated or obtained a doctorate, or holding all positions at the same institution, to verify these results.
The concepts of diversity of career, career at the same university (graduated or doctoral), and all career at the same institution correspond to Dietz and Bozeman's (2005) notion of homogeny. In particular, diversity of career implies intersectoral job changes based on the traditional career pattern of only those belonging to academia.
(4) Precocity
Early career experiences obtained through graduate assistantships and post-doctoral research experiences, and early productivity, indicated by publishing before obtaining a doctoral degree, will yield higher productivity (Dietz and Bozeman 2005) . They used the cumulative number of publications at the doctorate year. They showed that the relationship between precocity and productivity appears to be weak. Moreover, they observed that postdoctoral research positions might potentially inhibit productivity. I examined the experience of researchers selected for the Research Fellowship for Young Scientists 6 and Assistants. It is possible that fellowship experience is 5 Experience as a researcher in a research institution in a country other than Japan is referenced.
6 Japan Society for the Promotion of Science (JSPS) provides a special program that grants fellowships to (1) young Japanese postdoctoral researchers who conduct research activities at Japanese universities or research institutions on a non-employment basis and to (2) Their data sources were not a ''general sample of university scientists and engineers, but rather academic faculty who are affiliated with research centers that were designed to have industrial ties.'' On the other hand, this study used data from the 21st COE program, which aimed to cultivate a competitive academic environment among Japanese universities by providing targeted support for the creation of a world-class research and education base. This study sample comprises 39 universities and various researchers affiliated to academic faculties and research centers. The sample includes a number of well-known and excellent researchers in diverse fields. Moreover, Dietz and Bozeman's (2005) dataset differs in that it focus on whether the relationship with the industry is strong. First, I used the Scopus database to document each researcher's data (i.e., number of papers and citations) because Scopus assigns author IDs to prominent researchers, facilitating full name searches and researcher's institution searches. The author ID function on the Scopus database is not completely error-free, thus leading to problems in identifying authors with affiliation changes. To avoid problems in data accuracy, the collected data were filtered by matching affiliations and departments. Since this process could lead to the accidental omission of researchers who had changed their affiliations a number of times, I contacted each researcher via e-mail to confirm his/her list of publications. Moreover, I counted the number of coauthors per paper.
The number of patents, for which I used Espacenet Patent search, offered by the European Patent Office. Espacenet offers free access to more than 80 million patent documents worldwide, and it contains information about inventions and technical developments since 1836. Furthermore, it is possible to search by connecting with Scopus (using SciVerse Hub); searches can be conducted according to author's name, institution, year, and field. For this study, searches were conducted for number of patents, author's full name, and institutions where employed. I refer to publication date in this paper; it represents the date that a patent application was published. Thus, it represents the date the document became available to the public. It is necessary to note that the patent used for this analysis were limited to the ones for which researchers were identified as inventors.
In addition, I used the KAKEN 7 database for the research grant. KAKEN is the database of Grants-in-Aid for Scientific Research. It was established and provided by the National Institute of Informatics, with the support of the MEXT and the JSPS. Grants-in-Aid are awarded to promote creative and pioneering research across a wide spectrum of scientific fields, ranging from the humanities and social sciences to the natural sciences. Grants are awarded to projects organized by individual researchers or research groups at Japanese universities or research institutes. Research results obtained under these grants are published in a number of academic journals. In this study, I analyzed only those research studies headed by researchers, and I used only direct expenses.
Moreover, information on each researcher's career was obtained from the CV that was publicly available on the Web and ReaD&Researchmap database. ReaD&Researchmap 8 is a service that the Japan Science and Technology Agency provides on the Internet to support the researchers' database and performance management system constructed by the university and research institutions. This database can search for 22,000 researchers based on names and affiliated institutions. The template for a CV was developed for this database; it contains career information, as well as research fields and papers published.
Out of 1,255 researchers in this field, 23 researchers did not have any paper. Although I searched for the CVs of all 1,255 researchers, I obtained only 565 complete CVs, based on which, this study targeted 565 researchers with complete career information after graduation from university. The cross-section data covers 1996-2009.
Methods of analysis
Regarding methodology used for this study, the numbers of papers and citations reflect research performance, and the numbers of patents and coauthors used for explained variables. The decline in citations of recent papers is a major problem. To address it, some studies have used normalization, which is used with forward citation of patents (Hall et al. 2001) . The normalization approach has been applied in this study by dividing each citation by the corresponding year's citation mean. Citation per person, per year was calculated for sample of this study and the citation of each researcher for each year was divided by this citation mean. Additionally, each explained variable was divided by the researcher's career length to resolve problems associated with differences in length of researchers' careers. Because researchers' birth dates were not available, this study is based on the assumption that a researcher was employed initially at age 28. Furthermore, the retirement age was established as age 65 in 2009. As an example, if the first year of employments was 1999, the career length was 10 years (i.e., 2009 -1999 = 10). Career length was defined based on the method noted above; it assumes career length as 37 years if it spans 38 years or more.
Because each explained variable is nonnegative, use of the Tobit model, Poisson model, and negative binomial model were appropriate for this study (Dietz and Bozeman 2005) . The explanatory variables were: experience of those selected for the Research Fellowship for Young Scientists, first employment according to three career divisions (i.e., administrative agency, 9 company, or independent administrative agency 10 ), experience accrued in the above three career divisions, and diversity of career. Diversity is associated with the number of divisions through which a researcher belongs (i.e., 0-3). I examined diversity of employment excluding academia as it related to research activities. In addition, assistant experience, research careers in foreign countries, experience as a practical physician (residency period is excluded), gender (male = 1), amount of Grants-in-Aid for Scientific Research, career with the university from which one graduated, career at the same university where doctorate was received, all positions at the same institution, doctoral degree from foreign countries, type of doctoral degree (e.g., doctoral degree from foreign country, medical science, science, medical dentistry, engineering, agriculture, pharmacology), and cross-term of fellowship experience and assistant were considered. Table 1 shows the variables used.
Estimated results
This section shows the estimation results of selection probability for disclosing career information, and estimation results of the relationship between researcher's features and performance, according to the Tobit model, Poisson model, and negative binomial model. When the null hypothesis that data follows the Poisson distribution (i.e., assumes the average to be equal to variance) is rejected, findings of this study support the results of the negative binomial model.
Selection probability of career information disclosure
This study includes an analysis of the relationship between research performance and disclosed career information, based on data from 1,232 researchers. I estimated the odds ratio using a logit model; explained variables included verification of complete researcher information (1 = Yes, 0 = No), and the number of papers and citations for the explanatory variables.
The odds ratio is the ratio of the odds of an event occurring in one group to the odds of it occurring in another group. Odds are the ratio of the probability of a variable becoming one or zero. Table 2 shows the findings from the logit model and the odds ratio.
According to the odds ratio, the ratio of the probability of disclosing career information to the probability of not disclosing, according to an increase in the number of published 9 It includes research institute under the direct control of the administrative agency in this analysis. 10 This variable refers to independent administrative agencies as of October 2012, other than the incorporated national university. It includes foundations and the Inter-University Research Institute Corporation (IURIC). IURIC is classified as an independent administrative agency in this study to distinguish it from a university, though it is based on an incorporated national university. IURIC has made an important contribution to the development of Japan's academic research by conducting effective joint research and providing researchers with benefits that are difficult for individual universities to maintain (e.g., large-scale facilities, considerable amounts of data, and academic materials). Amount of Grants-in-Aid for scientific research Grants-in-Aid are awarded to promote creative and pioneering research across a wide spectrum of scientific fields. Grants are awarded to projects organized by individual researchers or research groups at Japanese universities or research institutes. The logarithm was taken after 1 was added to the grant.
Career at university from which the researcher graduated Is career as faculty member at the same university from which one graduated? 1 = Yes, 0 = No Table 1 papers, was 1.340. In other words, this means that the probability of disclosing career information to the public increased relatively by 34 %. The number of citations was not related necessarily to the selection probability of disclosing, because a significant result was not obtained by the citation count. Therefore, because the probability of disclosure is high for a highly published researcher, it is necessary to note that productivity of researchers targeted by this analysis was higher than that of researchers excluded from analysis because of non-disclosure. Additionally, this study cannot explain all the trends in the field of life sciences and medical sciences since this analysis was applied only to researchers who attracted large-scale competitive research funding (21st COE program).
Estimated results for number of papers
The following estimation is based on the analysis of 565 researchers who disclosed career information. Model 1 uses the diversity of career variable (the value of this variable was zero if a researcher belonged only to academia. The value of this variable was two if the researcher had employment experience in a company as well as an administrative agency). Model 2 uses the first employment variable. This model analyzed the relationship between three career divisions for first employment (i.e., the career at the young age) and productivity. Model 3 uses the employment experience variable. This model is not restricted to first employment, and the relationship between the three career divisions and productivity is analyzed. The logarithm was taken after 1 was added to the grant. Table 3 presents the estimated results for number of papers. The main results are given below:
• Experience as a practical physician: experience as a practical physician, except the residency period, was positively associated with number of papers. It is suggested that the knowledge obtained by the practical physician has a positive influence on the number of papers.
• Job changes first job experience with an independent administrative agency was positively associated with number of papers. However, first job or experience in an administrative agency showed a significantly negative relationship with the number of papers in the negative binomial model. A significant relationship was not seen for diversity of career. Research experience in a foreign country had no significant relationship with number of papers.
• Traditional career path employment with one's graduate university was positively associated. It is suggested that the researcher who works at his/her graduate university has excellent research productivity.
• Precocity research fellowship was positively associated. It is suggested that fellowship grants to young postdoctoral researchers or graduate students promotes research productivity.
Male gender and grant amount were also statistically positive.
Estimated results for number of citations Table 4 presents the estimated results for number of citations.
• Experience as a practical physician: it was not significant but the sign was negative. It is suggested that decreasing research time leads to difficulty in producing papers with strong impact.
• Job changes diversity of career and first employment or experience in an independent administrative agency had a statistically positive relationship with citations. The findings suggest that a variety of employment experiences are advantageous for producing impactful papers. A career with an independent administrative agency such as the Inter-University Research Institute Corporation also results in impactful research by enabling the use of large-scale research facilities.
• Traditional career path employment with the university of one's graduation and all careers at the same institution were not significant.
• Precocity research fellowship experience did not relate significantly.
Grant amount was also statistically positive
Estimated results for number of patents Table 5 presents the estimated results for number of patents.
• Experience as a practical physician: a significant relationship was not detected.
• Job changes experience with an independent administrative agency and career diversity had significantly positive relationship with patent activity for all models.
• Traditional career path employment with the graduation university and all careers at the same institution were not significant. • Precocity assistantship experience had a significantly negative relationship. Moreover, although research fellowship experience showed a statistically negative relationship, cross-term of the fellowship and assistant experiences showed a positive relationship with patents. This positive relationship suggested that the time required to become an independent researcher is associated with patent productivity.
Grant amount did not relate to patents, since grants-in-aid for scientific research primarily support academic research and do not statistically relate to number of patents. From the study sample, 359 researchers did not have patents (63.5 %) and 75.4 % of researchers had zero or one patent. Therefore, it is shown that patent activity was not the main focus of researchers and the characteristics of researchers who had several patents differed from those of general researchers.
Estimated results regarding number of coauthors
Though the number of papers and experience as a practical physician showed significantly positive relationships, joint authorship through research collaboration was shown in previous studies to have a positive relationship to research productivity (Price and Beaver 1966; Zuckerman 1967; Pao 1982; Pravdic and Oluic-Vukovic 1986 ; Lee and Bozeman 2005; Sooryamoorthy 2013). Beaver (2001) showed that one of the purposes for collaboration is to enhance efficiency and productivity. Therefore, the possibility exists that the researcher who is experienced as a practical physician and who collaborates with many coauthors can maintain a high level of research productivity despite limited time for research. Consequently, I analyzed the relationship between the number of coauthors and each variable identified in this study. Table 6 presents the estimated results for number of coauthors.
• Experience as a practical physician a significantly positive relationship was not identified between experience as a practical physician and number of coauthors. The findings suggested that experience as a practical physician does not have a positive relationship with joint authorship.
• Job changes although experience in various career divisions was related to the number of coauthors, diversity of career was not a significant factor. There were many coauthors when a company or an independent administrative agency initially employed a researcher. Therefore, work experience in a nonacademic career at a young age appears to have an influence on the number of coauthors due to an expanding network of collaborators. However, a significantly negative association with the number of coauthors was detected in the case of a first job with an administrative agency.
• Traditional career path employment with the graduation university and all careers at the same institution were not significant. • Precocity although fellowship or assistantship experience had significantly positive relationship, their combined experience resulted in a significantly negative relationship with the number of coauthors. Therefore, the negative relationship appears to be linked with the time required to become an independent researcher.
Estimations for researchers who are Doctors of Medical Science (DMSc)
Out of the sample of 565 researchers, 296 researchers had DMSc, out of whom 172 researchers had experience as practical physicians. Overall, 188 researchers had experience as practical physicians out of the sample of 565 researchers, implying that 16 such researchers did not have DMSc. Since half of the total number of sample researchers have DMSc and more than half of the researchers who have DMSc have practical physician experience, I have analyzed only 296 researchers with DMSc. Tables 7, 8, 9 show the estimated results for number of papers, citations, and coauthors. For researchers who were DMSc, the first job with an independent administrative agency related significantly to each explained variable. Experience as a practical physician and grant amount had a significantly positive relationship with number of papers. Regarding number of citations, experience with a company was significantly positive in the negative binomial model. Cross-term of the fellowship experience and employment as an assistant were associated positively with citations.
Regarding number of coauthors, first employment with or experience with a company, and first employment with an independent administrative agency were significantly positive. Thus, the experience of nonacademic careers at a young age related to the number of coauthors. Experience as a practical physician did not have a significantly positive relationship with number of coauthors. Moreover, though diversity of career had no relationship with number of papers, it had a positive relationship for citations. 
Conclusion
As a result of analyzing the relationship between experience as a practical physician and research performance, experience as a practical physician had a significantly positive relationship with number of papers but not with number of citations. Regarding the hypothesis that assesses whether the experience as a practical physician has a negative or positive relationship to research, this paper suggests that knowledge obtained by the practical physician has a positive influence on the number of papers. On the other hand, it is suggested that decreasing research time leads to difficulty in producing papers with strong impact. However, since this analysis does not use research time and practical knowledge as variables, I cannot assert that a decrease in research time and knowledge acquired from experience as a practical physician influences research performance. Further, this study does not encompass all features of the field of clinical medicine, so it cannot explain fully the reason for a relationship between the practical physician and the number of papers. Moreover, although it is possible that researchers who have many coauthors maintain their productivity even if research time is limited, my analysis indicated that the practical physician experience did not relate significantly to the number of coauthors. On the other hand, experience with a company or independent administrative agency at a young age had a positive relationship with number of coauthors. Though research experience in a foreign country was expected to relate to research performance, no significant relationship was noted.
As for the researcher's experience from a young age, research fellowship experience had a significantly positive relationship to the number of papers. There is a possibility that researchers selected as research fellows were either excellent scholars originally or individuals focused entirely on research from an early stage. Moreover, a career with an independent administrative agency related positively to the numbers of papers and citations. It also appears that using large-scale environmental facilities offered no educational function for students in the Inter-University Research Institute Corporation related positively to research.
As for diversity of career and research performance, there was no relation with number of papers. Though a career with the university from which one graduated and jobs at the same institution had a positive trend for number of papers, there was a positive relationship between citation count and career diversity. The findings suggest that a variety of employment experiences are advantageous for producing an impact of papers.
Although I searched for the CVs of all 1,255 researchers, I obtained only 565 complete CVs (45 %). Because the probability of disclosure is high for a highly published researcher, it is noteworthy that the productivity of researchers targeted by this analysis was higher than that of researchers excluded from analysis because of non-disclosure. Therefore, the characteristics of researchers with lower productivity are not completely captured in this study.
